ABSTRACT: Spermatozoa, especially those of the porcine species, are highly susceptible to in vitro chilling and ageing. Extenders are continuously developed to protect boar spermatozoa from chilling injury. New semen extenders and other modified preservation strategies require sensitive testing for essential sperm functions. The key process on the pathway of fertilization is capacitation. The aim of the present study was to examine whether the specific response to capacitating stimuli is sensitive enough to indicate different preservation capacities of extenders during hypothermic storage of boar spermatozoa. Semen was diluted in Beltsville Thawing Solution (BTS) and Androstar Plus and kept for 3 h at 22°C or stored at 17°C, 10°C, and 5°C. Semen was analyzed at 24 and 96 h of storage. Motility and membrane integrity remained at high levels, except for lower values when stored in BTS at 5°C. Washed subsamples were incubated in capacitating medium (Tyrode) and control medium and were assessed for intracellular calcium concentration and integrity of plasma membranes using a flow cytometer. On the basis of the loss of low-calcium live cells in a kinetic approach, the specific response to capacitation stimuli was determined. There was a higher loss of response in semen stored hypothermically in the standard extender BTS compared to Androstar Plus. Assessment of the extent of phospholipid disorder under capacitating and control conditions by use of merocyanine staining did not reveal any significant extenderrelated differences. A field insemination trial with 778 sows was performed to relate in vitro results to fertility. Fertility parameters did not differ in semen stored up to 48 h at 10°C in Androstar Plus compared to controls stored at 17°C in BTS. In conclusion, assessment of specific reactivity to capacitating stimuli appears to be a sensitive tool for detection of extender-dependent alterations in functionality of chilled boar spermatozoa.
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INTRODUCTION
Boar spermatozoa are especially susceptible to cold shock and therefore are stored above +15°C before use in AI. Reduction of the storage temperature would be advantageous for prolonging semen shelf life and decreasing bacterial growth. Cooling induces complex changes of the sperm surface, resulting in altered sperm signaling, instability, and, ultimately, cell death (reviewed by Leahy and Gadella, 2011) . Cooling injury is influenced by a variety of factors, including the type of semen extender (Paulenz et al., 2000) . Consequently, considerable efforts are taken by the AI industry to develop extenders, which offer superior protection against cooling and ageing of stored spermatozoa. To demonstrate the benefits of such extenders, sensitive in vitro assays are needed, allowing the assessment of subtle, but significant, differences in sperm fertilizing capability. So far, this goal has not been achieved. Conventional methods usually test for lethal sperm attributes and mostly are too insensitive to assess the fertilization potential of liquid-preserved semen (Gillan et al., 2004; Waberski et al., 2011) . Several studies have indicated that a certain subpopulation of boar spermatozoa may lose their responsiveness to the capacitating stimulus bicarbonate during hypothermic storage (Harrison et al., 1996; Green and Watson, 2001; Guthrie and Welch, 2005; Petrunkina et al., 2005; Schmid et al., 2013) . In the present study, we hypothesized that a recently described postchilling responsiveness test (Schmid et al., 2013) would allow a detection of potential subtle differences in the preservation ability of extender media during hypothermic storage of boar spermatozoa. The response to capacitating conditions was monitored in boar semen stored hypothermically in two commercial extenders by flow cytometric assessment of intracellular calcium levels and phospholipid disorder. Two variants of extended semen with a similar specific response to capacitating conditions were chosen for an insemination trial.
MATERIAL AND METHODS

Chemicals and Extenders
Unless otherwise stated, chemicals were purchased from Merck AG (Darmstadt, Germany), Roth GmbH (Karlsruhe, Germany), and Sigma-Aldrich (Steinheim, Germany). The fluorescent dye Yo-Pro-1 was purchased from Molecular Probes (Eugene, OR). Fluo-3-AM and fluorescein isothiocyanate-labeled peanut agglutinin (FITC-PNA) were obtained from Axxora GmbH (Lörrach, Germany). Gentamicin sulfate was purchased from Serva Electrophoresis GmbH (Heidelberg, Germany). Percoll was from GE Healthcare (Munich, Germany). Extenders were obtained from Minitüb (Tiefenbach, Germany).
Semen Samples
For the in vitro trial, semen was collected from seven boars (4 Pietrain, 1 Duroc crossbreed, 1 Hampshire crossbreed, and 1 Large White, with ages between 2 and 8 yr) held at the University of Veterinary Medicine Hannover. From each boar, one ejaculate was collected by the gloved hand method and immediately transferred to the laboratory. Ejaculates with more than 70% total motility and less than 25% morphologically abnormal sperm were diluted isothermically (33°C) on a split-sample basis with Beltsville Thawing Solution (BTS; Johnson et al., 1988) or Androstar Plus (Minitüb). Samples of 100 mL (2 × 10 7 cells/mL) were kept at 22°C for 3 h, after which they were analyzed. Further diluted semen samples were stepwise cooled down to 17°C, 10°C, and 5°C using the following cooling regime: After 90 min holding time at 22°C, samples were transferred to a 17°C storage chamber. Subsets of samples were held at 17°C for 60 min and then cooled to 10°C and stored at that temperature. Further subsets of these samples were held for 60 min at 10°C before they were transferred to a 5°C storage chamber. This resulted in a cooling rate of approximately 0.1°C/min. Samples were analyzed after 24 and 96 h of storage. During storage semen samples were gently mixed once daily.
Conventional Sperm Parameters and Membrane Integrity
In native semen, motility was assessed by phase contrast microscopy at 200× magnification. Sperm morphology was evaluated from a semen sample fixed in formol citrate using phase contrast microscopy (Hancock, 1956; Krause, 1966) .
In diluted semen samples, total motility and straightline velocity were assessed from aliquots incubated for 15 min at 38°C using the CASA system Sperm Vision ® (version 3.5, Minitüb) following the manufacturer's guidelines.
Integrity of plasma and acrosomal membranes was assessed using a propidium iodide (PI)/FITC-PNA double staining as described previously (Henning et al., 2012) . Briefly, aliquots of diluted semen were stained with PI (final concentration of 2.7 µg/mL) and FITC-PNA (final concentration of 3.0 µg/mL) and transferred to HEPES buffered saline medium (HBS). Flow cytometric analysis of stained samples was performed on a DAKO Galaxy flow cytometer (Dako Cytomation GmbH, Hamburg, Germany), equipped with a 488-nm blue argon laser and BP 537.5/22.5, BP 590/25, and LP 630-nm filters for green, orange, and red fluorescence, respectively. The sperm population was identified by characteristic forward and side scatter distribution patterns, and fluorescence intensities (in logarithmic mode) were collected for 10,000 events per sample, at a rate of 400 to 800 events/s. Data were analyzed using FloMax software (Partec GmbH, Münster, Germany). Correction of data for non-DNA particles was performed as proposed by Petrunkina et al. (2010) .
Preparation of Sperm for Flow Cytometric Studies
At 24 and 96 h of storage, aliquots of diluted semen were centrifuged through a discontinuous Percoll gradient (35% and 70%) as described by Harrison et al. (1993) . In short, 4 mL of diluted semen were layered over the twostep Percoll gradient, and tubes were centrifuged at 300 × g for 10 min followed by 15 min at 750 × g at 22°C. After centrifugation the supernatant layers were removed to leave about 0.8 mL of the 70% Percoll solution, in which the loosely pelleted spermatozoa were gently resuspended. This resulted in a concentration of 4 to 5 × 10 7 cells/mL.
Two types of a Tyrode's medium were used to expose spermatozoa to capacitating or noncapacitating condi-tions (Harrison et al., 1996) . Tyrode capacitating medium consisted of 96 mM NaCl, 3.1 mM KCl, 0.4 mM MgSO 4 , 5 mM glucose, 15 mM NaHCO 3 , 2 mM CaCl 2 , 0.3 mM KH 2 PO 4 , 20 mM HEPES, 21.6 mM sodium lactate, 1 mM sodium pyruvate, 3 mg BSA/mL, 100 µg gentamicin/mL, and 20 µg phenol red/mL. In noncapacitating (control) medium NaHCO 3 and CaCl 2 were omitted, and 1 mM Na-Ethylene glycol tetraacetic acid (EGTA) was added. The NaCl concentration was increased to 112 mM to obtain a final osmolality of 300 mosmol/kg. The pH was adjusted to be 7.4 at 38°C using NaOH.
Intracellular Calcium Content and Specific Response to Capacitating Conditions
To monitor the uptake of intracellular calcium ions, spermatozoa were loaded after centrifugation with Fluo-3-AM in Dimethyl sulfoxide (DMSO) according to Harrison et al. (1993) . To remove extracellular Fluo-3-AM, samples were washed with a sucrose washing medium (232 mM sucrose, 10 mM glucose, 20 mM HEPES, 2.5 mM KOH, 0.5 mg/mL Polyvinyl alcohol (PVA), and 0.5 mg/mL Polyvinylpyrrolidon (PVP); Harrison et al., 1993) .
Aliquots of 5 μL sucrose-washed sperm were diluted in 995 μL of capacitating Tyrode or control medium supplemented with 3.7 µM PI. This resulted in 1 to 1.5 × 10 5 cells/mL. Sperm in control medium were incubated at 38°C in airtight closed tubes in an incubator, whereas sperm in Tyrode capacitation medium were incubated at 38°C under a humidified atmosphere containing 5% CO 2. Samples were analyzed after 3, 20, 40, 60, 90, and 120 min on the DAKO Galaxy flow cytometer as described earlier.
A HBS medium (137 mM NaCl, 10 mM glucose, 2.5 mM KOH, 20 mM HEPES, 300 mosmol, pH 7.40 at 38°C) was prewarmed to 38°C and used as sheath fluid.
Percentages of low-calcium live (PI negative/Fluo-3 negative) cells and high-calcium live (PI negative/ Fluo-3 positive) cells were determined and plotted as a function of incubation time. To evaluate the influence of incubation conditions on a sperm subpopulation, the responsiveness was calculated as the difference in the proportion of low-calcium live, high-calcium live, and PI-positive cells between 3 and 60 min of incubation in Tyrode (Tyrode Δ60-3 ) or control (control Δ60-3 ) medium. The specific response to capacitating conditions was calculated as the difference between the responsiveness in Tyrode and control medium for the proportion of lowcalcium live cells as described by Schmid et al. (2013) .
Membrane Phospholipid Disorder
Changes in membrane phospholipid disorder were studied using a Yo-Pro-1/merocyanine (M540) double staining, as previously described by Harrison et al. (1996) and Schmid et al. (2013) . Percoll-washed spermatozoa were incubated at 38°C in Tyrode (5% CO 2 ) or control medium supplemented with 25 nM Yo-Pro-1 (YP) to enable discrimination between plasma membrane intact and damaged cells. Yo-Pro-1/M540 was added at a final concentration of 2.7 µM at 0, 8, 18, 28, 38, 58, 88 , and 118 min. After incubation for an additional 2 min, samples were analyzed by flow cytometry as described above. Percentages of YP-negative/M540-positive cells were determined and plotted as a function of the incubation time.
Insemination Trial
For the insemination trial, 83 ejaculates of 30 boars (Large White and Landrace, average of 30 mo of age) from a commercial AI center were collected by the gloved hand method. Motility was assessed using computer-assisted sperm analysis, and ejaculates with a progressive motility greater than 70% were divided into two equal parts and diluted to 4 × 10 9 sperm per insemination dose in either the BTS or Androstar Plus extender. Samples were stored in darkness at 17°C (BTS) or 10°C (Androstar Plus) for up to 48 h before insemination.
A total of 778 sows (Large White and Landrace, parity numbers 0 to 7) from a commercial breeding farm were assigned to two groups by parity number to ensure that parity numbers were equally distributed for sows inseminated with either BTS-or Androstar Plus-diluted semen. Animals were held in individual crates and checked twice daily (0800 and 1600 h) for estrus signs while a boar was present. When estrus was detected at 0800 h, sows were alternately inseminated with either BTS-or Androstar Plus-diluted semen at 1600 h on the same day. When estrus was detected at 1600 h, the first insemination took place at 0800 h the following day. Insemination was repeated twice daily until the end of the estrus using semen of the same ejaculate and same extender. Sows were checked for pregnancy on d 40 after the last insemination using realtime ultrasound. Pregnancy and farrowing rates as well as number of total and live-born piglets were recorded.
Statistical Analysis
Data were analyzed using SAS software (version 9.1; SAS Inst. Inc., Cary, NC). A multifactorial analysis of variance (PROC GLM) was performed to determine the effect of storage temperature, storage time, and extender. Data were tested for normal distribution with PROC UNIVARI-ATE. Comparisons between storage temperatures, storage times, extenders and incubation media were done with Wilcoxon's signed rank test or Student's t test for repeated measurements (PROC UNIVARIATE). Insemination groups were compared using a chi-squared test or Fisher's exact test (PROC FREQ) and Wilcoxon's two-sample rank sum test (PROC NPAR1WAY) or Student's t test for independent measurements (PROC TTEST). Unless otherwise stated, data are presented as means ± SD. Differences were considered to be statistically significant if the probability of their occurring by chance was less than 5% (P < 0.05).
RESULTS
Motility and Membrane Integrity in Hypothermically Stored Semen Samples
Membrane integrity and motility parameters of boar spermatozoa were significantly (P < 0.05) influenced by storage length, storage temperature, and extender. Data are shown in Table 1 . In samples diluted in BTS, plasma and acrosomal membrane integrity as well as total motility of sperm decreased (P < 0.05) with decreasing storage temperature. Compared to values at 3 h after dilution (22°C), storage at 17°C for 96 h resulted in a slight decline in membrane integrity of 2%, whereas storage at 10°C or 5°C resulted in a much greater decrease of 10% and 23% (P < 0.05), respectively. In contrast, in samples diluted in Androstar Plus, sperm membrane integrity did not change for up to 96 h of storage at 17°C or 10°C compared to 3 h at 22°C. Only samples diluted in Androstar Plus stored at 5°C showed a significant decrease of 10% membraneintact sperm (P < 0.05). Membrane integrity was similar at 24 h compared to 96 h storage for both extenders and all storage temperatures tested. For semen samples extended in BTS, the percentage of motile sperm decreased below 70% for samples stored at 5°C (P < 0.05). For Androstar Plus-diluted samples, total motility stayed above 80% during 96 h of storage at all temperatures tested. Differences (P < 0.05) in motility for Androstar Plus-diluted samples stored at various temperatures, however, were present after 24 and 96 h of storage. An effect of storage time on motility was only present in samples that were stored at 10°C. In addition to total motility, sperm velocity decreased with lower temperature and increasing storage time (P < 0.05).
This was true for both extenders, albeit less pronounced for Androstar Plus-diluted samples.
Intracellular Calcium Content and Specific Response to Capacitating Conditions
Changes in intracellular calcium on exposure to capacitating conditions were determined for sperm diluted in either BTS or Androstar Plus and stored for 24 h at various temperatures. Figure 1 shows the total percentage of destabilized spermatozoa (sum of high-calcium live and PI positive) at the onset of incubation (3 min) in Tyrode's medium. For spermatozoa diluted and stored in BTS, this population was significantly increased in samples stored at 10°C or 5°C compared to samples that were stored at 22°C or 17°C (P < 0.05). Spermatozoa extended in Androstar Plus showed a significant increase only after storage at 5°C compared to 22°C or 17°C (P < 0.05). For both extenders, the increase in destabilized cells was mainly due to a rise in the high-calcium live cells; there was no difference in the proportion of PI-positive cells among all storage conditions tested. At 10°C and 5°C, a significant effect of extender on reactive cells was noted: Samples extended in BTS had a significantly higher initial percentage of destabilized sperm when stored at these temperatures (17.4% at 10°C and 25.4% at 5°C) compared to samples diluted with Androstar Plus (13.1% at 10°C and 16.3% at 5°C; P < 0.05).
Kinetics revealed that at 60 min the plateau phase for the Fluo-3-positive/PI-negative sperm population in Tyrode was reached in all semen samples (data not shown). Therefore, values at 60-min incubation were chosen to evaluate the effects of storage on response parameters. In BTS, the specific response to capacitating conditions dropped significantly with decreasing storage temperature and increasing storage time (P < 0.05; Fig. 2) . During 24 h of storage, there was also a decrease with temperature for samples stored in Androstar Plus, albeit less pronounced, and the specific response dropped significantly for the various storage temperatures, as storage was pro- 47.8 ± 8.6 c a-e Different letters within a column indicate significant differences between storage conditions (temperature/length; P < 0.05). A,B Different letters within a row indicate significant differences between extenders (P < 0.05).
longed to 96 h (P < 0.05). After 24 h of storage at 5°C as well as after 96 h at 10°C and 5°C, samples diluted in Androstar Plus showed a significantly higher specific response compared to samples diluted in BTS (P < 0.05).
Membrane Phospholipid Disorder after Incubation under Capacitating Conditions
To determine changes in membrane phospholipid disorder of live cells, a YP/M540 double staining was performed. The proportion of merocyanine-positive live (M540 positive/YP negative) spermatozoa increased significantly (P < 0.01) during the first 20 min of incubation in Tyrode's medium, after which the level did not further change (data not shown). Percentages of live sperm with an increased state of phospholipid disorder (YP negative/ M540 positive), recorded at 2 and 20 min of incubation in Tyrode or control medium, are shown in Table 2 . At the onset of incubation in Tyrode, this population increased significantly in semen stored at 17°C or 5°C in BTS compared to 22°C (P < 0.05). In Androstar Plus-diluted samples stored at 5°C there was also an increase (P < 0.05) in this sperm population, albeit less pronounced. In the control medium, the proportion of live cells with a higher state of phospholipid disorder was significantly increased in samples stored at 5°C in BTS and Androstar Plus and also in samples that were diluted in BTS and stored at 10°C (P < 0.05). After 20 min of incubation, the percentage of cells with phospholipid disorder was low (between 3% and 7%) in all samples incubated in the control medium but increased after incubation in the presence of capacitating stimuli. Similar percentages of live spermatozoa with high phospholipid disorder were obtained for all storage temperatures and extenders (between 21% and 27%). At both 2 and 20 min of incubation, there were no differences between extenders at all storage temperatures, with the exception of a marginal lower percentage of spermatozoa (-1.5%) with high phospholipid disorder in samples diluted in Androstar Plus and stored at 5°C.
In Vivo Fertility Data of Stored Semen
Split-sample ejaculates extended in BTS and stored at 17°C (control) or extended in Androstar Plus and stored at 10°C were used for insemination of 778 sows. Thirty-seven sows were excluded from analysis because of illness or slaughter. Parity numbers were similar in the two farrowing groups: parity 0 (gilts): BTS, n = 42, Androstar Plus, n = 43; parity 1 to 3: BTS, n = 173, Androstar Plus, n = 182; parity 4 to 7: BTS, n = 150, Androstar Plus, n = 151. Fertility data are shown in Table 3 . Pregnancy rate was >95%, and farrowing rate was around 93% for both semen groups. The average number of piglets (total and live) per sow did not Data from single ejaculates from seven boars are presented as means ± SD. Different letters indicate significant differences between storage temperatures within extenders (P < 0.05): a-c for samples diluted in BTS and A,B for samples diluted in Androstar Plus (P < 0.05). *Significant differences between extenders (P < 0.05).
differ significantly between semen stored at 17°C in BTS and semen stored at 10°C in Androstar Plus.
DISCUSSION
Slow cooling of spermatozoa resulted in a decrease of motility and membrane integrity, which became markedly expressed at 10°C for semen stored in BTS and at 5°C for semen stored in Androstar Plus. Storage length had only minor effects on conventional semen parameters compared to the chilling stress. At storage temperatures below the routinely used 17°C, motility and membrane integrity were significantly higher in Androstar Plus, indicating a protective effect against lower temperatures. It is important to note that even during hypothermic storage for 96 h, standard sperm measures were at high levels and, except for BTS-stored semen at 5°C, in accordance with requirements for semen quality to be used in AI. In vivo, preferentially motile and membrane-intact sperm with low levels of intracellular calcium will transverse the physicomechanical barriers of the uterotubal junction and form the functional sperm reservoir in the lower oviduct (Hunter, 1981 , Dobrinski et al., 1996 , Suarez 2008 . Once attached to the oviductal epithelium, spermatozoa have to be responsive to oviductal signals leading to timely appropriate capacitation. Within a semen sample, spermatozoa are highly heterogeneous and may pass through capacitation at different rates before they undergo destabilization (Harrison et al., 1993 , Flesch et al., 2001 . Monitoring intracellular calcium content together with membrane integrity proved to be indicative of an effect of the capacitation-inducing agent bicarbonate in boar spermatozoa (Harrison et al., 1993) . We recently reported that by comparing the responses on the basis of the population of low-calcium live cells in capacitating Tyrode's medium and a noncapacitating control, the specific responsiveness to capacitating stimuli can be determined; this testing is sensitive enough to indicate storage effects (Henning et al., 2012) . Results of a further study demonstrated that temperature and length of storage are closely related to specific response (Schmid et al., 2013) . In the present study we were able to show that the specific response parameter sensitively indicates different preservation capacities of extenders used for chilled boar spermatozoa. Sperm extended in BTS gradually lost the ability to specifically respond to capacitating stimuli in a temperature-and time-related manner. For AndrostarPlus-diluted samples the decrease in specific response due to chilling was less pronounced, whereas the parameter was also closely related to storage length. Differences between extenders were most obvious at 5°C after 24 and 96 h and at 10°C after 96 h, with spermatozoa extended in AndrostarPlus displaying a higher specific response to capacitation stimuli compared to BTS-diluted samples. It and control (control Δ60-3 ) medium for the population of low-calcium live (propidium iodide negative/Fluo-3 negative) spermatozoa. The specific response was determined in washed spermatozoa from preserved semen samples after storage up to 96 h at various temperatures in two different extenders, Beltsville Thawing Solution (BTS; gray bars) and Androstar Plus (black bars). Data from single ejaculates from seven boars are presented as means ± SD. Different letters indicate significant differences between storage temperatures within extenders (P < 0.05): a-f for samples diluted in BTS and A-E for samples diluted in Androstar Plus (P < 0.05). *Significant differences between extenders (P < 0.05).
is worth noting that the loss of the specific responsiveness parameter during storage and chilling was found to be the result of a dual opposing effect: part of the sperm population becomes increasingly unstable, whereas another part becomes refractory toward bicarbonate stimulation (Henning et al., 2012; Schmid et al., 2013) . Consequently, extender media must be composed to prevent premature membrane destabilization and, at the same time, to maintain the reactivity of sperm cells to oviductal signals.
Differences in membrane destabilization were already apparent after 3 min of incubation in Tyrode's medium: cooled semen doses extended in BTS showed higher populations of destabilized cells (sum of high-calcium live and PI positive) compared to samples extended in AndrostarPlus. An increased calcium influx in chilled spermatozoa has been attributed to chilling-induced membrane leakage, disturbed function of ion channels, and calciumATPase pump (Simpson and White, 1986; Robertson et al., 1988; Bailey and Buhr, 1995) . Additionally, calcium release from internal stores may contribute to elevation of internal cytoplasmic calcium levels in cooled spermatozoa (Bailey and Buhr, 1995; Kim et al., 2008) . Obviously, the AndrostarPlus medium provides partial protection from the deleterious effects of temperature stress that have been attributed to changes in lipid phase transitions and rearrangements of lipid domains during cooling and rewarming (Holt and North, 1984; Drobnis et al., 1993) .
Changes in lipid architecture of sperm membranes can be visualized by stainability with M540, an impermeant lipophilic fluorescent probe (Harrison et al., 1996) . Spermatozoa cooled and rewarmed in the presence of bicarbonate exhibited a reduced membrane response as detected by merocyanine (Green and Watson, 2001; Guthrie and Welch, 2005) . We investigated whether differences in maintenance of calcium homeostasis between extenders would be mirrored by a different degree of phospholipid disorder detected by merocyanine stainability in chilled semen samples subjected to a capacitating environment. A significant increase in the population of live spermatozoa with high phospholipid disorder was only observed after cooling to 5°C regardless of the extender used. The M540 staining method therefore does not seem to be sensitive enough to indicate differences in preservation capacity of extenders. In addition, these results indicate that regulation of intracellular calcium levels is associated with membrane changes other than those detectable with merocyanine. Alternative structural and molecular sperm surface alterations induced by sperm cooling and storage have been reviewed recently (Leahy and Gadella, 2011) .
It is worth nothing that extender testing for response parameters has been performed using sperm washed through a density gradient. The rationale behind this procedure was to remove extender components and loosely attached seminal plasma molecules from the sperm surface because they are thought to interfere with in vitro capacitation behavior. A side effect of density gradient processing is that it provides some degree of selection for superior motility, morphology, membrane integrity, and maturational stage (Mortimer, 2000) . These conditions may resemble the in vivo situation after sperm have transversed the uterotubal junction (Leahy and Gadella, 2011) . In this situation, the responsiveness of the vital, potentially competent sperm population was examined. To correlate our findings with in vivo fertility, two variants of extended semen stored at 17°C and 10°C with similar specific responsiveness were tested in a commercial 24 h at 17°C 5.4 ± 1.3 b 4.4 ± 1.9 a,b 2.6 ± 0.7 a 3.3 ± 1.0 a,b 22.2 ± 6.4 a 22.1 ± 9.8 a 3.5 ± 0.9 a,b 3.2 ± 0.7 a,b 24 h at 10°C 5.7 ± 2.9 a,b 5.1 ± 1.9 a,b 4.5 ± 1.6 b 3.5 ± 1.3 a,b 22.8 ± 5.3 a 26.1 ± 8.1 a 3.7 ± 1.9 a,b 3.0 ± 1.9 a 24 h at 5°C 11.5 ± 5.5 c 8.3 ± 3.5 b 5.6 ± 3.1 b 5.0 ± 2.3 b 21.4 ± 3.1 a,A 19.9 ± 3.9 a,B 7.1 ± 2.7 b 4.9 ± 1.9 b a-c Different letters within a column indicate significant differences between storage conditions (temperature/length; P < 0.05). A,B Different letters within a row indicate significant differences between extenders (P < 0.05).
1 Data from single ejaculates from seven boars are presented as means ± SD. breeding herd. Our hypothesis that semen extended in AndrostarPlus at 10°C would not result in different farrowing rates and litter size compared to the routinely used semen extended in BTS and stored at 17°C was confirmed. On the basis of standard sperm parameters Althouse et al. (1998) proposed 12°C as the lowest cold-shock critical temperature for semen stored in the Androhep extender. Results from in vitro and in vivo experiments in the present study indicate that semen storage at 10°C can be realized without compromising fertility when semen is extended in AndrostarPlus. However, large-scale inseminations at different farms, including the use of lower numbers of sperm per dosage, should be performed before implementing lower storage temperature in an AI routine.
In conclusion, assessment of the specific responsiveness to capacitating stimuli by monitoring intracellular calcium with flow cytometry proved to be a sensitive tool for detection of extender-dependent alterations in the functionality of liquid-preserved boar spermatozoa. Comparing responses in capacitation and control media over time allowed us to detect marked differences in viable subpopulations of stored sperm that could not be found by conventional sperm parameters. Changes in the specific response are likely to reflect destabilization and capacitation dynamics determining the fertilization chances of chilled boar spermatozoa. Ultimately, recognition of extender-related changes in sperm function by the presented response test is valuable for promoting preservation strategies in hypothermically stored boar semen.
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